aBStraCt Introduction: The use of oral contraceptives increases women's risk of developing cardiovascular and thromboembolic diseases, due to alterations in hemostatic and lipid profile. Objectives: Analyze the association between the use of different types of oral contraceptives with lipid profile and levels of serum high-sensitivity C-reactive protein (hsCRP) and plasma D-dimer. Methods: One hundred fifty-four participants were divided into the following groups: control nonusers (n = 41), medium-dose users (n= 32), third-generation low-dose users (n = 40), and fourth-generation low-dose users (n = 41). Triglycerides and total cholesterol serum levels were determined by colorimetric enzymatic method; high-density lipoprotein (HDL) cholesterol levels, by precipitation method; low-density lipoprotein (LDL) cholesterol levels, by Friedewald equation; hsCRP levels, by immunoturbidimetric method; and D-dimer levels, by fluorescence immunoassay. Results: Oral contraceptive users had higher serum levels of triglycerides, total cholesterol, HDL cholesterol (HDL-C), HDL/LDL index and hsCRP compared to controls. Medium-dose users had higher D-dimer plasma levels than controls and higher triglycerides serum levels than low-dose users. Triglycerides, hsCRP and D-dimer were positively correlated to each other. Conclusion: The use of combined oral contraceptives was associated with an unfavorable lipid profile and a chronic subclinical inflammation, with atherogenic potential. Furthermore, medium-dose contraceptives induced a higher thrombogenic potential, since they were associated with increased D-dimer levels in comparison to low-dose ones.
introDuCtion Oral contraceptives were a major breakthrough in contraception, promoting significant emancipation of women. According to composition, they are classified as combined (composed of estrogens and progestogens) and not combined (composed only of progestogens). According to the dose of ethinylestradiol, they are classified as low-dose (≤ 30 µg), medium-dose (> 30 and < 50 µg) and high-dose (≥ 50 µg) (1, 2) contraceptives. They can also be classified in first-, second-, third-and fourth-generation, according to the type of progestogen (3) . The prolonged use of these contraceptives has advantages that contribute to adherence to treatment, such as reduction of premenstrual tension, relief of menstrual cramps, and improvement in hirsutism and acne (2) . However, they are associated with a higher risk of cardiovascular and thromboembolic diseases in women, such as acute myocardial infarction, ischemic stroke and deep venous thrombosis. The higher risk of cardiovascular events has been associated with changes in lipid metabolism through the modification of low-density lipoprotein (LDL) and high-density lipoprotein cholesterol (HDL-C) levels (3) and the chronic subclinical inflammation (4) . In addition, they act like 10.5935/1676-2444.20180002 procoagulant agents, favoring a hypercoagulability state, and then raising the risk of thromboembolic diseases (5) .
Inflammation is an uninterrupted effect of the atherosclerotic process, which promotes the formation of the lipid stria, and even the movement and rupture of the atherosclerotic plaque (6, 7) . Thus, it is known that the atherosclerotic process is chronic and has a long subclinical phase (4) . High-sensitivity C-reactive protein (hsCRP) is the best biomarker of chronic subclinical inflammation and is associated with the risk of cardiovascular diseases (8) (9) (10) (11) (12) (13) . It has been demonstrated that the use of oral contraceptives may increase hsCRP levels, contributing to a higher cardiovascular risk (4, 14) . Coagulation and fibrinolysis occur together for the hemostatic balance in the organism, and thus, blood can flow normally through arteries and veins. In order to avoid exaggerated blood clotting, the fibrin clot is degraded by plasmin, resulting in fibrin degradation products (15) , such as D-dimer. Use of oral contraceptives has been associated with a high risk of thromboembolic events. Therefore, the D-dimer can be evaluated, since it reflects human fibrinolytic activity and is considered an important biomarker of hypercoagulability (16) . However, it is known that the combination of different substances in contraceptives may have different effects on lipid profile, subclinical inflammation process and hypercoagulability state, so that contraceptives from different generations may have different effects on the risk of atherosclerotic and thromboembolic events (3, 17) . Besides, the dose of ethinylestradiol is also associated with an increased risk of these adverse outcomes (1) . Few studies were conducted involving young university populations to evaluate this question. Since most women who use oral contraceptives are young, the association with cardiovascular and thromboembolic diseases becomes worrisome. The risk associated with the use of different types of contraceptives is still not understood by users and neglected by health professionals (18) . Therefore, there is a clear need to develop further studies that evaluate these parameters, considering the associated risks. Thus, this study aimed to analyze the association between the use of different types of oral contraceptives and lipid profile, levels of serum hsCRP and plasma D-dimer.
MEthoDS
The study was approved by the Research Ethics Committee of Universidade Federal São João del-Rei (UFSJ) (CAAE: 38854914.8.0000.5545). All participants were informed about the research objectives and signed the consent form.
They were 113 women aged between 18 and 30 years, students of Pharmacy, Biochemistry, Nursing and Medicine courses of UFSJ, who used combined monophasic oral contraceptives containing cyproterone and ethinylestradiol (medium dose), desogestrel or gestodene and ethinylestradiol (third-generation low dose), drospirenone or chlormadinone and ethinylestradiol (fourthgeneration low dose) for a minimum period of one year. There were also 41 controls, aged between 18 and 30 years, who were not using contraceptives for a minimum period of one year, since it was demonstrated that homeostatic parameters normalize after four months of interruption of combined oral contraceptive use (19) . The study participants were divided into the following groups: controls (n = 41), medium-dose users (n = 32), third-generation low-dose users (n = 40), and fourth-generation low-dose users (n = 41).
Women who presented any of the following conditions were not included: liver disease, alcoholism, coagulation disorder, cancer, developing infectious or inflammatory process, kidney disease, autoimmune disease, diabetes mellitus, high blood pressure, pregnancy and smoking.
Information, such as age, use of contraceptives, use of medications and others, was obtained through an interview with the students and filling out the clinical form. After the interview, weight, height and blood pressure were measured, and the body mass index (BMI) was calculated. The practice of physical activity was evaluated through a standardized questionnaire (20) . Serum triglyceride levels were determined by the colorimetric enzymatic method using the Triglycerides Liquiform kit (Labtest Statistical analysis was performed using the software SPSS 20.0. Shapiro-Wilk normality test was performed for continuous variables. Mean and standard deviation were calculated for normal distribution variables. The Anova method was used to compare the four groups; and Student's t-test, for comparison between two groups. The median and 25% and 75% percentiles were calculated for not normal distribution variables. The Kruskal-Wallis H method was used for comparison between the four groups; and the MannWhitney U test, for comparison between two groups. Categorical variables were presented as absolute and relative frequencies, and the chi-square test was used to compare these variables. D-dimer levels were categorized into two groups: ≤ 100 ng/ml and > 100 ng/ml, and analyzed by Student's t-test. Spearman's correlation was used to verify the correlation between variables. For all the statistical tests performed, p value < 0.05 was considered significant.
rESuLtS
The clinical and laboratory characteristics of the 154 women participating in the study are presented in the Table. Oral contraceptive users had higher levels of triglycerides, TC, HDL-C, HDL/LDL index and hsCRP than nonusers. The users of thirdand fourth-generation low-dose oral contraceptives had lower triglycerides levels than the users of medium-dose oral contraceptives (p < 0.001 and p = 0.006, respectively). The users of medium-dose oral contraceptives had higher levels of D-dimer than nonusers (p = 0.005).
No significant differences were observed between groups with respect to age; body mass index (BMI); systolic and diastolic blood pressure; LDL-C; HDL/TC index; family history of thrombosis, breast cancer and cardiovascular disease; physical activity; and time of contraceptive use. There was a weak positive correlation between hsCRP and triglycerides (r = 0.39, p < 0.001); D-dimer and triglycerides (r = 0.303, p = 0.006); hsCRP and D-dimer (r = 0.395, p = 0.001) (Figure) . There was no significant correlation of hsCRP and D-dimer with the other lipid variables evaluated (data not shown).
DiSCuSSion
Triglyceride levels of oral contraceptive users were higher than those of nonusers, what is in agreement with other studies (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) . The use of estrogens is associated with increased hepatic synthesis of triglycerides and suppression of hepatic lipase expression, resulting in increased serum levels of triglycerides (31, 32) . The medium-dose contraceptive users had higher triglyceride levels than low-dose ones, what is probably due to their larger dose of ethinylestradiol, which may stimulate the hepatic synthesis of triglycerides more strongly (31) . The oral contraceptive users had higher total cholesterol levels than nonusers, as a result of increased levels of HDL-C, since a significant difference of LDL-C levels was not observed between users and nonusers. Accordingly, higher HDL/LDL index was observed in oral contraceptive users than in nonursers, but not HDL/TC index, since both HDL-C and TC were increased in oral contraceptive users. Other researchers also described increased HDL-C levels and, consequently, TC levels in oral contraceptives users (24, 25, 28, (33) (34) (35) (36) (37) (38) , which results from increased hepatic synthesis of HDL lipoprotein (39) . The increase in HDL-C levels provided by oral contraceptive use is beneficial to the organism, since high levels of HDL lipoprotein are associated with an antiatherogenic profile and a reduced cardiovascular risk (39) . Other studies also did not observe significant differences of LDL-C levels between users and nonusers (23, 24, 39, 40) , which results from the opposite effects of ethinylestradiol and progestogens on LDL-C levels. While ethinylestradiol reduces LDL-C levels, progestogens raise its levels (41) .
Higher D-dimer levels were observed in medium dose users when compared to nonusers, indicating that oral contraception leads to a hypercoagulability state, which depends on the dose of ethinylestradiol. Other studies evidenced the influence of ethinylestradiol dose on D-dimer levels and hypercoagulability state (42, 43) .
Higher hsCRP levels were observed in oral contraceptive users when compared to nonusers, indicating that oral contraception leads to an increased subclinical inflammatory process, which was also demonstrated by other studies (44, 45) . However, there was no significant difference between groups of different types of oral contraceptives, suggesting that neither the dose of ethinylestradiol nor the type of progestogen are directly associated with the increase in hsCRP levels. João Victor M. Guedes; Natália R. Nunes; Letícia G. R. Ferreira; Thaís G. Vilar; Melina B. Pinheiro; Caroline P. Domingueti increase in the levels of triglycerides caused by the use of oral contraceptives may contribute to intensify the subclinical inflammation process and the hypercoagulability state of oral contraceptive users.
A positive correlation between hsCRP and D-dimer was also observed, what suggests an interrelationship between chronic subclinical inflammation and hypercoagulability in oral contraceptive users. Pro-inflammatory mediators can stimulate the expression of coagulant molecules and inhibit the anticoagulant and fibrinolytic pathways, while the components of activated hemostatic system can stimulate the production of pro-inflammatory cytokines (46) . Therefore, this bidirectional relationship between inflammation and hypercoagulability may contribute to intensify the atherogenic and thrombogenic profile of oral contraceptive users.
No significant differences were observed between the groups with respect to blood pressure, age, BMI and physical activity. Other studies also did not find any effect in blood pressure caused by the oral contraceptive use (23, 38, (47) (48) (49) . Therefore, it is possible to assume that the sample was very homogeneous in the present study, since all the women included both users and nonusers of oral contraceptives, were young, with normal BMI and blood pressure. However, this study had a limitation since it has a crosssectional design, so that clinical and biochemical variables were not compared before and after the use of the oral contraceptives.
ConCLuSion
The use of combined oral contraceptives was associated with increased triglycerides, total cholesterol, HDL-C and hsCRP levels. These results together indicate an unfavorable lipid profile and a chronic subclinical inflammation in oral contraceptive users, with atherogenic potential, particularly in medium-dose users. Furthermore, medium-dose contraceptives induced a higher thrombogenic potential, since they were associated with increased D-dimer levels in comparison to low-dose ones. Triglycerides, hsCRP and D-dimer levels were also positively correlated to each other, indicating that there is an interrelationship between hypertriglyceridemia, chronic subclinical inflammation and hypercoagulability in oral contraceptive users, which may contribute to intensify the atherogenic and thrombogenic profile. 
